The present noise oerformance, bandwidth caDability and qain stability of bioolar and field-effect transistors, parametric amolifier, Schottky diode mixer and maser are summarized and comoared in the 100 MHz to Our earlier studies3-7 indicate that new amplifier systems should be designed. This paper specifically deals with the noise characterization of the continuous wave wide-band amplifier systems required for stochastic cooling experiments and the necessary design considerations for a low-noise wide-band preamplifier.
tems. Stability factor of GaAs FET's as a function of ambient temperature is presented and discussed. Performance data of several low-noise wide-band cryogenically cooled preamplifiers are presented including one with a noise figure of 0.35 dB over a bandwidth range of 150-500 MHz operating at ambient temperature of 20K. Also, data are given on a broadband 1-2 GHz preamplifier having a noise figure of approximately 0.2 dB. The gain, operating noise temperature, stability, gain nonuniformity and phase-shift as function of frequency of interest for beam cooling systems are discussed.
I ntroduct i on
An effort is underway at the Fermi National Accelerator Laboratory and Lawrence Berkeley Laboratory to design an Antiproton Source. The present noise performance of state-of-the-art microwave devices is summarized in Fig. 2 Noise of Cryogenically-Cooled GaAs FET's Generally, microwave FET's use as semiconductor material GaAs rather than silicon. GaAs has approximately six times higher low field electron mobility and two times higher maximum drift velocity as compared with silicon. Furthermore, for silicon at temperatures below 125 K electrons are frozen out of the conduction band and holes out of the valence band which leaves the semiconductor with very few carriers to support the device operation. On the other hand for GaAs no freeze out occurs at cryogenic temperatures because of the extremely small energy gap between the donor levels and the conduction band for most n-type dooants used in FET's. The noise in a microwave FET is caused by thermal, hot-electron, and high-field diffusion effects. For frequencies below 3 GHz noise is also oossibly caused by trap generation-recombination effects. The thermal noise of the FET channel and parasitic resistances is proportional to the ratio T/gm, where T is the ambient temperature and gm is the transistor transductance. Furthermore, the transconductance increases with decreasing of temperature because of the increase of free carrier mobility and higher saturated velocity in GaAs. The increase in mobility is caused by fewer collisions with energetic lattice atoms and is approximately proportional to T-3/2 for physical temperatures greater than 60'K. Hot-electron and highfield diffusion noise may remain constant or increase at cryogenic temperatures, depending upon the particular transistor and its operating conditions. Also trap generation-recombination noise has a peak at some temperature due to the temperature dependence of the time constant. Because of the complex dependance of the noise figure upon ambient temoerature, the noise figure of several commercially available GaAs FET's was measured from 300'K to 12 K Fig. 4 .
It can be seen from the figure that this transistor does not satisfy the necessary and sufficient conditions for unconditional stability: Ks > 1 and A < 1; in the frequency region from 0.5 to 2 GHz. Generally, most GaAs FET's are potentially unstable in certain frequency regions which lie below 3 GHz because of the presence of internal feedback such as that due to the gate-to-drain capacitance. The stability factor can be increased by a low loss FET source inductive series feedback to offset the internal feedback.13 Also, such inductive feedback increases the real part of the input impedance resulting in better matching conditions between the signal source and the amplifier input. However, calculations and measurements have shown that this type of feedback can be only partially applied because it seriously decreases the device gain when value of Ks = 1 is approached. Alternatively it is also possible to use parallel feedback, consisting of applying capacitance and resistance from the gate to the drain of the GaAs FET to increase the stability factor. Further analyses have shown that a wide bandwidth, with low input and output reflection coefficients and excellent stability can be achieved. Unfortunately, a significant increase of the noise figure also results from the application of parallel feedback in a broadband preamplifier operating at ambient temperatures around 3000K. This increase is mostly due to various losses caused by the feedback loop components and characteristics of the transmission line which is used between the FET output port and the node where the feedback loop is connected.
The device MGF 1412 was also used in the design of a broadband 1-2 GHz preamplifier.7,12 A schematic diagram of the preamplifier is given in Fig. 5 .-
